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1.  Introduction 


The  research  accomplishments  described  in  this  final  scientific 
report  constitute  the  results  of  work  supported  by  Grant  A?OSR-76-2953 
over  the  neriod  January  1,  3076  to  December  31,  1976.  The  work  carried 
out  over  this  period  was  directed  at  improving  recognition  algorithms 
developed  during  past  work  with  primarily,  two  goals  in  minds 

1.  improve  recognition  accuracy  and  general 
reliability,  and 

2.  increase  speed  of  identification  for  application  to 
real  time  systems. 

With  these  goals  in  mind  three  investigations  were  undertaken: 

1.  The  modification  of  existing  recognition  algorithms 

to  improve  recognition  accuracy  and  reduce  identification 
time. 

2.  The  development  of  an  image  array  processor  for 
application  to  real  time  feature  extraction  and  general 
image  processing  problems. 

3.  The  analysis  of  the  behavior  of  these  algorithms  to 
better  understand  the  feature  selection  and  authority 
file  generation  problem. 

The  results  of  these  investigations  are  briefly  summarised  in  what  follows, 
A list  of  publications  generated  under  this  grant  will  be  found  in  Section 
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2.  Research  Accomplishments 

The  folloving  five  subsections  describe  the  results  of  the 
major  efforts  undertaken  which  relate  to  the  abore  research  goals. 

Section  2.5  presents  seme  results  related  to  a potentially  useful 
application  area  automated  visual  work  piece  pojition  control.  The 
details  of  these  efforts  may  be  found  in  the  publications  cited  in 
Section  3 as  veil  as  research  proposals  associated  with  this  grant 
and  the  previous  Grant  AF-AF0SR-71-20U8  upon  which  the  current  work 
is  based. 

2.1  A Sequent led.  Multiple  Look  Visual  Recognition  System 

In  real  time,  visual  pattern  recognition  systems,  such  as  might 
be  used  for  aircraft  identification,  decisions  based  upon  a single 
obvervation  of  a target  are  far  more  prone  to  error  than  if  such  decisions 
are  made  on  the  basis  of  multiple  target  observations.  In  order  to 
examine  this  situation  more  carefully  a set  of  sequential  recognition 
algorithms  vere  developed  and  tested  by  application  to  a set  of  aircraft 
images  obtained  via  a computer  interfaced  TV  system.  The  authority 
files  used  consisted  of  150  aircraft  images  for  each  of  12  aircraft  types, 
giving  a total  of  1800  samples.  The  test  sets,  generated  independently 
of  the  authority  files,  consisted  of  10  look  sequences  for  each  of  the 
12  aircraft  types,  giving  a total  of  120  sequences.  Each  sequence 
consisted  of  6 successive  looks  taken  as  the  plane  changed  position 
relative  to  the  camera  in  a normal  "fly  by"  fashion. 

Five  sequential  classification  procedures  were  devised;  maximum 
likelihood,  majority  class  count,  sum  of  confidence,  selective  k near- 
est neighbor  and  accumulated  mk  nearest  neighbor.  The  recognition  of 
an  aircraft  associated  with  a given  sequence  proceeded  by  making  a 
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tentative  identification  at  each  look  based  on  one  of  the  above  five 
sequential  decisions  rules.  A confidence  metric  was  then  computed  for 
each  of  the  possible  12  classes.  Using  the  ratio  of  the  largest  to  the 
next  largest  confidence  numbers,  a stopping  criteria  vas  generated. 

With  the  classifiers  end  authority  files  mentioned  above,  the 
test  sets  were  examined  to  determine  how  veil  the  various  recognition 
systems  performed.  It  vas  found  that  the  sum  of  confidence  classifier 
yielded  an  error  rate  of  only  3.33#  at  the  end  of  six  looks.  This  vas 
nearly  four  times  better  than  for  the  maximum  likelihood  procedure  and 
about  tvice  as  good  as  the  next  best  classifier,  the  majority  class 
count  algorithm. 

2.2  An  Image  Array  Processor  System 

It  has  been  proposed  that  the  processing  of  real  time  images  can 
be  performed  most  efficiently  vhen  the  structure  of  the  processor  closely 
resembles  the  structure  of  the  data  to  be  operated  upon.  Thus  one  vould 
expect  that  image  processing  operation a can  be  implemented  more  easily 
and  faster  vithin  an  array  processor  than  in  a normal  serial  processor. 
Such  a processor  has  been  constructed  and  a high  level  language  has 
been  developed  for  the  real  time  manipulation  of  images. 

2.2.1  The  Array  Processor 

Basically,  an  array  processor  consists  of  a tesselation  of  the 
plane  by  processing  elements,  each  executing  the  same  instruction  stream 
issued  by  a single  central  controller.  Such  an  array  processor  has  been 
constructed  vhich  is  implemented  as  a finite  128  by  128  array  of  one  bit 
binary  processors  vith  facilities  built  in  for  expansion  256  by  256.  A 
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rectangular  tesselation  is  used,  with  each  processing  element  possessing 
connections  to  its  eight  nearest  neighbors  as  veil  as  to  its  own  private 
accumulator  and  memory  as  shown  in  Figure  1. 
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Figure  1.  Array  Processor  Element 

Each  processing  element  can  form  any  of  the  1 6 possible  Boolean 
functions  of  two  variables  via  the  Bus  Function  Generator  (BFG)  using 
any  two  of  the  following  inputs;  the  present  contents  of  its  accumulator, 
the  present  contents  of  ary  of  its  memory  cells,  and  a threshold  function 
of  the  accumulators  of  its  eight  nearest  neighbors,  denotea  f(A). 
Specifically, 
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where 

c {+1,  0,  -1),  the  8 weights 

A$  e { 0,  l),  the  1th  out  of  8 nearest  neighboring  accumulators 
T c [-8,  7 1 * the  threshold. 

v I 

This  organization  is  summarized  in  Figure  2.  A bus  oriented 
structure  was  used  for  maximum  flexibility  in  interconnecting  the 
various  registers  and  for  future  expansion  of  additional  I/O  devices, 
such  as  a direct  TV  camera  interface  and  various  hard-wired  masks.  Inputs 
to  the  BFG  consist  of  the  Main  (M)  and  Secondary  (S)  buses,  each  of  which 
can  be  driven  by  any  of  eight  possible  devices  selected  under  program 
control.  Any  or  all  of  the  devices  can  receive  information  from  the 
Output  (0)  bus  simultaneously,  also  selected  under  program  control. 

Instruction  execution  times  are  on  the  order  of  10ms.,  as 
compared  with  almost  two  seconds  on  the  array  processor  simulator  presently 
running  on  the  PUP-9.  Image  transformations  of  only  moderate  complexity 
consisting  of  perhaps  2000  operations  required  over  an  hour  of  computer 
time  using  the  simulator.  The  time  for  such  a transformation  has  been 
cut  to  20  seconds  with  the  array  processor  allowing  experimentation 
with  transformations  which  had  been  timewise  impractical  to  attempt. 

2.2.2  The  High  Level  Language 

A survey  of  the  literature  reveals  the  existence,  either  in 
hardware  or  simulation,,  of  a number  of  image  array  processors  at  various 
universities  and  research  centers.  The  structure  of  these  processors 
tends  to  vary  somewhat  and  even  more  so  do  the  software  packages  required 
to  utilize  them.  Consequently  software  developed  at  one  installation 
cannot  be  easily  transported  for  use  on  another  array  processor  without 
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Figure  2.3  Array  Processor  .Organization 
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major  re-working  of  tha  software.  This  lack  of  image  array  processing 
software  portability  is  a major  obstacle  to  the  sharing  of  software 
resources  and  building  on  previous  research,  a practice  today  common- 
place with  the  usual  sequential  computer  equipped  with  a high-level 
language. 

With  this  goal  of  software  portability  in  mind,  a high-level 
array  processing  language  has  been  developed  and  implemented  for  use 
vlth  the  binary  image  array  processor.  It  is  hoped  that  this  language 
will  comprise  a step  toward  the  eventual  acceptance  of  a standard 
image  array  processing  language,  and  at  the  same  time  Influence 
the  hardware  design  of  future  array  processors  to  better  execute  classes 
of  meaningful  array  processing  operations  as  they  emerge  through 
programing  experience. 

The  language  was  developed  as  a superset  of  standard  FORTRAN  IV 
because  of  the  almost  universal  acceptance  of  FORTRAN.  Since  the 
array  processing  language  is  imbedded  within  FORTRAN,  all  the  sequential 
computational  and  decision-making  features  of  FORTRAN  are  available, 
as  well  as  the  additional  array  processing  operations.  Therefore 
the  language  was  named  the  Fortran  Array  Processing  Larguage,  or  FAPL. 

In  keeping  with  the  original  purpose  of  portability,  the  FAPL 
compiler  itself  was  written  with  several  unique  features.  The  syntactic 
parser  is  a table-iriven  algorithm,  with  the  syntactic  language 
definitions  contained  within  a table.  The  syntactic  definition  of  FAPL 
was  originally  written  in  Backus  Naur  form  (BNF). 

An  auxiliary  progrsm,  written  in  FORTRAN  for  portability,  was 
used  to  translate  the  BNF  definitions  into  tabular  form  suitable  for 
driving  the  parser.  The  parser  itself  was,  again,  written  in  FORTRAN. 


8 


Thu*  to  transport  th*  compiler  to  another  installation  also  equipped 
with  FORTRAN,  the  user  need  only  make  whatever  changes  are  necessary 
in  the  original  BN?  definitions  to  fit  the  architecture  of  his  array 
processor.  He  then  nas  a working  parser  with  as  yet  no  re-progr  earning 
having  been  required.  With  a working  parser,  the  only  re-programming 
required  is'  the  writing  of  the  appropriate  object  code  emitters  to 
fit  the  specific  machine  requirements.  These  are  written  as  subroutines 
invoked  by  the  parser  and  can  be  made  quite  modular  in  operation* 

Thus  the  compiler,  as  well  as  the  FAPL  language,  has  been 
developed  with  portability  in  mind,  and  it  is  hoped  that  these  features 
will  encourage  the  use  of  FAPL  with  other  image  array  processors. 

2.3  Algorithm  Analysis 

The  recognition  accuracy  of  the  algorithms  developed  in  this 
research  has  been  extremely  high.  This  has  motivated  a desire  to 
investigate  the  various  characteristics  of  these  algorithms  to  determine 
the  reasons  behind  this  high  degree  of  correctness.  Two  studies  were 
carried  out  to  examine  this  question.  It  has  been  determined  by 
experimental  observation  that  moment  invariant  features  are  very  good 
for  representing  binary  Images.  In  order  to  determine  Just  how  well 
these  features  represent  the  images,  methods  were  investigated  for 
reconstructing  the  images  from  the  moment  invariants.  This,  then, 
constituted  the  first  study. 

The  selection  of  samples  to  be  included  in  the  authority  files 
is  very  important  in  maintaining  a high  degree  of  recognition  accuracy. 
An  earlier  study,  conducted  under  the  previous  grant,  developed  an 
adaption  training  procedure  which  yielded  very  small  authority  files 
and  yet  maintained  high  recognition  accuracy.  The  second  study  under- 
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taken,  then,  vas  to  investigate  the  behaviors  of  these  training 
algorithms. 

2.3.1  Image  Construction  from  the  Features 

A method  vas  .investigated  for  constructing  binary  patterns 
from  a given  set  of  moments  or  moment  invariants.  The  method  involves 
constructing  projections  from  the  moments  and,  then,  binary  patterns 
from  the  projections.  Sets  of  horizontal,  vertical,  and  diagonal 
(at  U50  and  135°)  projections  are  derived  from  the  moments.  Some  of 
these  sets  will  be  inconsistent,  i.e.,  will  correspond  to  no  binary 
pattern.  Tests  for  detecting  many  of  these  inconsistent  projection  sets 
were  developed.  An  algorithm  was  developed  for  constructing  patterns 
from  those  projection  sets  which  seem  to  be  consistent.  This  algorithm 
compares  favorably  with  other  existing  algorithms  as  indicated  by 
its  application  to  several  typical  examples. 

It  was  shown  that  the  n-th  order  and  all  lower  moments  of  a 
pattern  are  always  determined  by  any  n+1  projections  of  the  pattern. 

The  nature  of  pattern  modifications  which  preserve  projection  sets 
and,  hence,  moments  was  also  examined.  Several  necessary  conditions 
for  such  modifications  to  exist  for  a given  pattern  were  derived. 

The  construction  method  of  this  research  has  revealed  that 
many  binary  patterns  are  uniquely  determined  (many  others  are  almost 
uniquely  determined)  by  their  low  order  moments  (1st,  2nd,  and  3rd 
order).  This  can  perhaps  explain  the  successful  use  of  moments  as 
features  for  pattern  recognition.  The  construction  algorithm  essentially 
solves  certain  uypes  of  underspecif ied  simultaneous  linear  and  nonlinear 
equations  for  binary  and  integer  solutions,  respectively. 


2.3.2  Authority  File  Generation 


In  general,  a three  dimensional  object  may  have  an  infinite 
set  of  feature  vectors  representing  it,  one  for  each  of  the  infinity 
of  viewing  angles  possible.  These  feature  vectors  are  typically 
clustered  in  some  more  or  less  uniform  fashion  in  the  n dimensional 
feature  space  with  one  contiguous  cluster  for  each  object  type.  The 
authority  file  generation  problem  then  amounts  to  finding  a minimal 
set  of  feature  vectors  for  each  class  which  completely  represent  the 
class  with  respect  to  the  other  classes  present.  As  long  as  the  classes 
do  not  overlap  it  was  shown  that  there  always  exists  a finite  number, 
n^,  of  feature  vectors  for  each  class,  N^,  which  completely  distinguish 
class  from  all  other  N.  using  a nearest  neighbor  classifier.  It 
was  also  shown  that  this  optimal  set  of  n^  vectors  is  not  unique 
but  in  fact  there  exist  subset  from  which  these  nj  vectors  may  be 
selected. 

If  the  authority  files  are  generated  by  a random  selection  of 
vectors  from  the  n-dimensional  clusters  formed  by  each  class,  then  an 
important  question  is  how  many  such  samples  SM,  must  be  taken  to  assure 
that  at  least  one  of  the  sets  of  n^  optimal  vectors  are  included  with 
probability  0.  It  was  found  that  m is  given  by  the  solution  to  the 
equation 
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feature  vectors  can  come  and  V(A)  represents  the  volume  of  set  A In 
n space. 


2.U  Syntactic  Feature  Extraction  Via  Fuzzy  Automata 

The  use  of  syntactic  features  along  with  geometric  features 
provides  an  imnrovement  in  recognition  system  performance.  The  main 
problems  with  syntactic  features  is  that  of  extracting  them  from  the 
field  of  view.  An  investigation  was  undertaken  to  determine  whether 
the  concept  of  fuzzy  automata  could  be  effectively  applied  to  this 
problem.  Basically  the  work  was  applied  to  the  problem  of  extracting 
the  edges  of  the  intersections  of  the  planar  surface  making  up 
three  dimensional  polynomial  figures  such  as  boxes,  pyramids,  etc. 

These  figures  are  not  specially  lit  but  rather  are  illuminated  by 
normal  room  lighting.  The  ma,1or  difficulty  here  is  in  locating  and 
bounding  entire  surfaces.  Under  ambient  room  lighting  the  light 
intensity  reflected  from  a surface  will  vary  across  the  surface. 

Thus  the  fuzzy  concept  of  "almost  the  same”  light  being  reflected 
is  used  to  identify  the  whole  surface.  Once  each  surface  is  found 
their  relative  positions  can  be  used  to  find  and  specify  the  edges  of 
these  areas.  Once  this  is  done  the  object  can  be  identified  as  to 
class  and  orientation  with  respect  to  the  viewing  axis. 

Algorithms  were  developed  to  perform  these  tasks  and  experiments 
were  done  to  check  these  algorithms.  It  was  found  that  such  concepts 
and  procedures  were  very  suitable  to  the  syntactic  feature  extrac . on 
problem  although  much  development  work  remains  to  be  done. 

2.5  Visual  Target  Position  Control 

Over  the  next  decade  or  so,  robots  will  probably  play  a 
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a larger  role  in  materials  handling,  especially  in  hostile  environments. 
Under  normal  circumstances  such  robots  would  be  completely  controlled 
by  some  human  observer  or  preprogrammed  to  repeatedly  perform  some 
complex  task.  Situations  exist  where  neither  of  these  approaches 
is  practical.  For  example,  haring  a humnn  on  Earth  control  a remote 
vehicle  on  Mars  is  not  feasible  due  to  the  communications  time  lag 
involved.  Further  no  preprogrammed  controller  can  be  used  in  an 
environment  where  the  surroundings  are  constantly  changing.  For  these 
and  other  reasons  a study  was  carried  out  to  determine  the  efficacy 
of  using  visual  feedback  to  control  a two  link  system.  The  system 
consisted  of  a mechanical  leg  having  two  Joints  controlled  by  a 
computer.  Also  connected  to  the  computer  was  a TV  system  which  provided 
the  visual  feedback.  Algorithms  were  developed  to  identify  the  position 
of  each  link  in  the  leg  relative  to  the  TV  camera  optical  axis  on  the 
basis  of  the  TV  image  of  the  leg  input  to  the  computer.  These  algorithms 
were  then  extended  to  cause  the  leg  to  move  from  its  initial  position 
to  any  desired  position  in  the  field  of  view  using  the  TV  camera  to 
measure  the  position  and  trajectory  of  the  leg  at  each  instant  of  time. 

Experiments  were  performed  to  cause  the  leg  to  move  in  complex 
paths  such  as  circles,  figure  eights,  etc.  These  experiments 
and  the  algorithms  developed  demonstrate  effectively  that  visual  feedback 
may  be  used  the  control  of  remote  systems. 

3.  Publications 

All  of  the  work  described  above  has  been  prepared  for  publication 
in  some  form.  The  following  list  represents  all  of  the  publications 
produced  under  this  year’s  grant  as  well  as  those  produced  under  the 
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preceeding  grant.  Items  submitted  for  publication  or  which  are 
in  preparation  for  publication  and  creditable  to  the  grant  are  also 
listed.  Publications  appearing  during  the  period  of  Grant  AFOSR-76-2953 
or  are  being  prepared  for  publication  under  this  grant  are  marked 
with  an  asterisk  (#). 


1.  Hemami,  H.,  and  Courter,  J.  R.,  "Approximations  to  a Positive  Definite 
Symmetric  Matrix,”  Proc,  of  the  5th  Asilomar  Conference  on  Circuits 
and  Systems.  Asilomar,  California,  November  1971. 

2,  Advani»  J.  G.,  Computer  Recognition  of  Three-Dimensional  Objects 
from  Optical  Images.  Ph.D.  dissertation.  The  Ohio  State  University, 
Columbus,  Ohio,  August  1971. 

3«  Dudani,  S.  A.,  Moment  Methods  for  the  Identification  of  Three- 
Dimensional  Objects  from  Optical  Images.  M.S.  thesis.  The  Ohio 
State  University,  Columbus,  Ohio,  August  1971. 

4.  Chandrasekaran,  B. , and  Jain,  A.  K. , "Quantization  of  Independent 
Measurements  and  Recognition  Performance,”  1972  International 
Symposium  on  Information  Theory.  AsiDomar,  California,  January  1972. 

5.  Hawkins,  T,  C.,  PICTUR — A Computer  Program  for  Description.  Manipulation, 
and  Display  of  Straight  Line  Drawings.  M.S,  thesis.  The  Ohio  State 
University,  Columbus,  Ohio,  June  1972. 

6.  Ebner,  G.  C. , An  AB3Qciativfely  Controlled  Functional  Multiprocessor 
for  Real-Time  Applications,  Ph.D.  dissertation.  The  Ohio  State 
University,  Columbus,  Ohio,  June  1972. 

7.  Butler,  J.  T. , Networks  of  Two-Input  Flexible  Cells— A Study  of 
Logical  Properties  and  Techniques  for  Synthesizing  Realizable 
Functions.  Ph.D.  dissertation.  The  Ohio  State  University,  Columbus, 

Ohio,  March  1973. 

8.  Haeffner,  R.  A.,  A Digital  Technique  for  Automatic  Correction  of 
Television  Image  Distortion.  M.S,  thesis.  The  Ohio  State  University, 
Columbus,  Ohio,  June  1973. 

9.  Jain,  A.  K.,  Some  Aspects  of  Dimensionality  and  Sample  Size  in 
Statistical  Pattern  Recognition  Problems.  Ph.D.  dissertation. 

The  Ohio  State  University,  Columbus,  Ohio,  August  1973. 

10,  Dudani,  S,  A.,  An  Experimental  Study  of  Moment  Methods  for  Automatic 
Identification  of  Three-Dimensional  Objects  from  Television  Images, 

Ph.D.  dissertation.  The  Ohio  State  University,  Columbus,  Ohio, 

August  1973. 


ir.  t.i*  Wm>i  lVMjMiVriii 


m 


it* 


11.  Litteral,  L.  A.,  An  Algorithm  for -Solving  the  Sequential  Machine 
Identification  Problem.  M.S.  thesis.  The  Ohio  State  University, 

Columbus,  Ohio,  August  1973. 

12.  Kashef,  P.  S.,  and  McOhee,  R.  B. , "Augmented  Parity  Check  Codes  for 
Encoding  of  Asynchronous  Sequential  Machines,"  IEEE  Trans,  on 
Computers.  Vol.  C-22,  No.  10,  pp.  891-896,  October  1973. 

13.  Butler,  J.  T. , and  Breeding,  K.  J.,  "Some  Characteristics  of  Universal 
Cell  Nets,"  IEEE  Trans,  on  Computers,  Vol.  C-22,  No.  10,  pp.  897-903, 
October  1973. 

1U.  McGhee,  R.  B. , "Automatic  Recognition  of  Complex  Three-Dimensional 
Objects  from  Optical  Images,"  Proc.  of  U.S. -Japan  Seminar  on 
Learning  Control  and  Intelligence  Control.  Gainsville,  Florida, 

October  1973. 

15.  RyleB,  J.  C.,  Optimal  Acquisition  and  Tracking  of  a Maneuvering 
Target  by  an  Optical  System,  Ph.D.  dissertation.  The  Ohio  state 
University,  Columbus,  Ohio,  December  1973. 

16.  Chandrasekaran,  B.,  and  Jain,  A.  K. , "Quantization  Complexity  and 
Independent  Measurements,"  IEEE  Trans . on  Computers,  Vol.  C-23, 

No.  1,  pp.  102-106,  January  1§74. 

17.  Richard,  C.  W.  Jr.,  and  Hemami,  H.,  "Identification  of  Three  Dimensional 
Objects  Using  Fourier  Descriptors  of  the  Boundary  Curve,"  IEEE  Trans. 

on  Systems,  Man  and  Cybernetics,  Vol.  SMC-U,  No.  pp.  371-378,  July 

Tim. 

18.  Dudani,  S.  A.,  "The  Distance-Weighted  k-Nearest  Neighbor  Decision 
Rule,"  Proc,  of  the  2nd  International  Conference  on  Pattern 
Recognition,  Copenhagen,  Denmark,  August  19^4. 

19.  Kaufman,  G,  J.,  Computer  Recognition  of  Facial  Profiles,  M.S.  thesis. 

The  Ohio  State  University,  Columbus,  Ohio,  August  197^. 

20.  Southard,  T.  F. , A Method  of  Recognizing  Single  Strings  of  Nontouching 
Rotated  Characters,  M.S.  thesis,  'Jhe  Ohio  State  University,  Columbus, 
Ohio,  August  19f^. 

21.  Robinson,  C.  S.,  Extraction  of  Syntactic  Features  vithin  an  Array 
Processor,  M.S.  thesis,  The  Ohio  State  University,  Columbus,  Ghio, 

August  197**. 

22.  Jagadeesh,  J,  M. , A Real  Time  Image  Processing  System  Using  A Color 
Television  Camera,  Ph.D.  dissertation,  *I?he  Ohio  Estate  University, 
Columbus,  Ohio,  December  197**. 

23.  Shieh,  S.  T.,  The  Automatic  Acquisition  of  Interesting  Objects  in 
a Cluttered  Image  Environment,  Ph.D.  disseration.  The  Ohio  State 
University,  Columbus,  Ohio,  December  197**. 
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2k,  Hawkins,  T C..  The  Application  to  Aircraft  Recognition  of  Pattern 
Recognit on  Descriptions  of  the  Image  Boundary,  Ph.D.  disseration. 
The  Ohio  State  University,  Columbus,  Ohio,  inarch  1975. 


25.  Fatehi,  M,  T.,  A Study  of  a Holographic  Analog  Associative  Memory 
with  Application  to  Pattern  Recognition,  Ph.D.  disseration.  The 
Ohio  btate  University,  Columbus,  Ohio,  March  1975. 

*26.  Kaufman,  0.  J.,  and  Breeding,  X.  J.,  "The  Automatic  Recognition  of 
Human  Faces  from  Profile  Silhouettes,"  IEEE  Trans,  on  Systems,  Man 
and  Cybernetics,  February  1976.  

*27.  Dudani,  S.  A.,  and  Breeding,  K.  J.,  McGhee,  R.  B.,  "Aircraft 

Identification  by  Moment  Invariants,"  IEEE  Trans,  on  Computers, 
January  1977.  ~ 


*28.  Amoss,  J.  0.,  A System-Directed  Method  of  Extracting  Topological 
Regions  from  a Silhouette,  Ph.t).  dissertation.  In  prepartion.  The 
Uhio  State  University. 


29.  Baker,  W.  R.,  Normalization  of  Aerial  Photographs  for  Pattern 
Recognition  by  Digital  Computer,  M.Ea.  thesis.  The  Ohio  State 
University,  cJolumbus , Ohio,  December  1975. 


30.  Hemami,  H.,  Weimer,  F.  C.,  and  Advanl,  . G. , "Identification  of 
Three-Dimensional  Objects  by  Sequential  Image  Matching,"  Proc.  of 
Conference  on  Computer  Graphics,  Pattern  Recognition  and  Data 
Structures.  May  lU-l6,  1975,  pp.  273-278. 

31.  Fatehi,  M.  T.  and  Collins,  S.  A.  Jr.,  "A  Study  of  a Lolographic 
Analog  Associative  Memory  with  Application  to  Pattern  Recognition," 
International  Optical  Computing  Conference  Proceedings.  April  1975. 

32.  Fatehi,  M.  T.  and  Collins,  S.  A.  Jr.,  "Analog  Association  Holographic 
Memory,"  sumitted  to  Applied  Optics. 

•33.  Jagadeesh,  J.  M. , Breeding  K.  J.  and  McGhee,  R.  B. , "A  Real  Time 

Video  Processor  for  Scene  Segmentation  on  the  Basis  of  Color  Infor- 
mation," Proc.  JACC.  July  1976,  pp.  717-726. 

*3U.  Yeh,  James  Y.  S. , An  Investigation  of  a Sequential  Multiple  Look 
Pattern  Recognition  System  for  Automatic  Aircraft  Identification. 
Ph.D.  disseration.  The  Ohio  State  University,  Columbus,  Ohio,  1976. 
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*35.  Riosanen,  E.  L.,  The  Construction  of  Binary  Patterns  from  Moments. 

Moment  Invariants  and  Projections.  Ph.D.  disseration.  The  Ohio  State 
University,  Columbus,  Ohio,  1976. 

36.  Miller,  P.  E. , The  Extraction  of  Image  Features  Using  a Binary  Array 
Processor.  Ph.D.  disseration.  The  Ohio  State  University,  Columbus, 
Ohio. 

*37.  Nelson,  V.,  An  Application  of  Fuzzy  Automation,  with  Optical  Inputs. 
to  Positional  Control  of  a Three-Dimensional  Object.  M.S.  thesis. 

The  Ohio  State  University,  Columbus,  Ohio,  in  preparation,  expected 
completion  in  March  1977. 
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*38.  Stelliou,  N.,  Ml  Investigation  of  an  Adaption  Training  Procedure 
Baaed  on  Nearest  ..Neighbor  Decision  Rules.  M.S.  thesis,  The  Ohio 
State  University,  Columbus,  Ohio,  1976. 

*39.  Robinson,  C.,  The  Design  of  Binary  Image  Array  Processor  and  Its 
Operating  System.  Ph.D.  dissertation.  The  Ohio  State  University, 
Columbus,  Ohio,  in  preparation. 

*40.  Barre,  J.  L, , Television  Scene  Analysis  with  Application  to  Computer 
Control  of  a Two  Link  System.  M.S.  thesis.  The  Ohio  State  University, 
Columbus,  Ohio,  December  1976. 

*4l.  Danesh,1oo,  H.,  Dynamic  Scene  Analysis  with  Application  to  Trajectory 
Estimation.  M.S.  thesis.  The  Ohio  State  University,  Columbus,  Ohio, 
inprepation,  expected  completion  in  March  1977. 

•42.  Yeh,  James  said  Breeding,  K.  J.,  "A  Sequential  Multiple  Look  Visual 
Recognition  System,"  Submitted  for  presentation  EIA  7th  Annual 
Symposium  on  Automatic  Imagery  Pattern  Recognition. 

*43.  Butler,  J.  T.,  "Restricted  Cellular  Netvorks."lEEE  Trans  on  Computers. 
November  1976. 

*44.  Feder,  P.  I.,  "Statistical  Techniques  for  Uncovering  Structure  in 

Pattern  Recognition  Data,"  To  be  submitted  to  IEEE  Trans,  on  Systems, 
Man,  and  Cybernetics. 


